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1. General Approach to the Inventory Models
1.1 Oveview of ClassV Study

In 1997, the U.S. Environmenta Protection Agency’s (USEPA' s) Office of Ground Water and
Drinking Water (OGWDW) launched a national study of ClassVV Underground Injection Control
(UIC) wels to determine whether additiond regulations are needed to protect underground sources of
drinking weter. ClassV wells are predominantly shallow injection wells that have avariety of uses,
including disposd, aquifer recharge, and minerd recovery. The Agency has identified and collected
information on 23 well subdasses, varying in complexity from shalow storm water drainage wells and
large-capacity septic systems (LCSSs) to sophisticated geothermd reinjection wells.

USEPA conducted the Class V study in order to meet the requirements of the Safe Drinking
Water Act (SDWA) and amodified consent decree with the Sierra Club Lega Defense Fund.
USEPA will use theinformation collected in the sudy to help it determine whether additiond regulations
are necessary. USEPA will publish afina report on the study’ s findings in September 1999.

The study has two components. agenera information collection for 23 subclasses of ClassV
wells and a modd to estimate the number of LCSSs and slorm water drainage wells. Development of
the inventory model depended largely ongite visits to a selected number of censustracts. The Ste
vistorsinterviewed state and loca UIC officids and then counted the number of storm water drainage
wellsand LCSSsin the censustract. The information in this Appendix pertains to the inventory modd.

1.2 General Information Collection Effort

USEPA initiated the genera information collection effort by convening aworkgroup of USEPA
and gate UIC representatives to help design the study. Workgroup members met during the spring and
summer of 1997 to develop a methodology for collecting information.

The generd data collection effort was geared at collecting existing Class V data from state
agencies. We collected information on the number and location of exigting wells, regulatory and
permitting requirements, injectate quaity studies, contamination incidents, best management practices,
and studies linking Class V wells to changesin ground water qudlity.

Although we collected a significant amount of information in the Sate deta collection effort, the
effort showed that states were lacking datain many aress. For example, states generdly have limited
information on storm water and agricultura drainage wells (ADWSs) and LCSSs.  Although some data
was gathered a the locd leve, this study generdly targeted states, not local and county officids.
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1.3  Need for Quantitative Models

Although the generd data collection effort did include storm water wells and LCSSs, through
the work group mestings, we knew that very little inventory informeation was available from the States.
States generdly beieve that their inventories of these well types are inaccurate and would not provide a
redigtic nationd estimate. Asaresult, the workgroup determined that it would be necessary to
congtruct inventory modelsto provide nationa estimates of the numbers of storm water drainage wells
and LCSSs. The inventory models predict the number of wells nationally based on geologic,
demographic, and other characterigtics of the census tracts that make up the nation. These estimates
can then be used as part of an overal assessment of the extent to which storm water drainage wells and
L CSSsthreaten public safety.

Thereislittle theory -- and virtualy no empirica research -- regarding the factors affecting the
number and location of these wells. Therefore, the form of the models and their specifications depend
in large part on the data collected through site viststo censustracts. It isin this sense that the modeling
exercieistruly exploratory. It dlowsusto test its assumptions about the relationships between the
geologic and demographic characterigtics of a census tract and the number of wellsin thet tract.

14  Separate Treatment of Agricultural Drainage Wells

Exigting data on ADWs ds0 isinadequate to estimate the number of these wells nationwide.
Most ADWs are located on private property making them generdly inaccessible to stevisitors. This
problem of inaccessibility constrained our ability to collect data on thiswell type and to congtruct a
mode for it. Thisisdiscussed more fully in Section 4 below.

15 Outlineof Analysis

The remainder of this document describes the andysis undertaken to estimate the number of
LCSSs and storm water drainage wells. 1t first describes the steps taken to identify and select the
sample of census tracts used to develop the inventory models. It then turnsto a discussion of the
gpproach used to collect the data, including a detailed discussion of the site visit methodology. Next, it
presents the inventory models that were developed using the data from the sample, and presents the
modes estimates of the number of LCSSs and storm water drainage wells. The details of the steps
taken to develop the models are shown in technicd atachments to this Appendix. Findly, the
document turns to a discusson of our trestment of ADWSs.

2. Selection of Census Tracts for Site Visits

The inventory models were designed to predict the number of LCSSs and storm water wells
nationally based on the geologic, demographic, and other characteristics of specific census tracts.
Using these variables, we picked 99 census tracts across the nation with varying characterigtics. The
tracts were sdected to be representative of geologic and demographic characteristics nationwide. Site
vigtors visted these census tracts, obtained maps, talked to loca officids, and drove the stregtsin an
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effort to enumerate the wellsin each sdected tract. This data was then used to modd the number of
LCSSs and storm water wells nationwide.

This gpproach was chosen to make the best use of the limited resources available to conduct
thisstudy. This decision was based on the data qudity objectives process described in USEPA's
Guidance for the Data Quality Objectives Process (USEPA, 1994). While alarger sample would
increase the precison of the estimate of the number of wells, the costs of increasing the sample size
outweighs the benefits. It would be prohibitively expensive to sample the 600-1,000 Census tracts
necessary to produce precise estimates of the number of wellsin the nation, both in terms of the
financia cogts of conducting the Site visits, and the time required to complete the visits. Furthermore,
the payoff to an increase in the precison of the estimate of the number of wellsisrdatively smdl. The
workgroup determined that reducing sampling design and measurement errors by drawing alarge
sample was not necessary to meet the needs of the study. The god of thisandyssis not merdly to
produce an estimate of the number of storm water drainage wells and LCSSs in the country; rether, itis
to assess the potential risks to public safety posed by these wells. Thisrisk assessment is a complex
endeavor, in which the number of wellsis only one of severd sources of uncertainty. For example, in
the case of asngle well, whether contaminants drained into the well work their way into the drinking
water supply depends on many factors, including soil and bedrock characteristics and the type of
contaminant. While contaminants may be found in the drinking water supply, there are myriad sources
of contamination in addition to the well, so determining the threat posed by the well is difficult.

On the nationd level, the number of wells affect the overdl risk, but even with a complete
census of the number of welsin the nation, this uncertainty in the risk anadlyss would remain.
Therefore, the god of these modelsis to provide a reasonable estimate of the number of each type of
well, which can inform the risk assessment. The risk assessment dso can make use of the models
edimates of the variance around the estimated total to determine how sensitive the potentia risksare to
the estimate of the number of wells. The consensus of the workgroup was that a sample of 100 tracts
would provide the information needed to inform the risk andys's, within the financid and time
congtraints faced by the study. (The sample congists of 99 rather than 100 tracts because the tracts
were selected in 33 clusters of 3, as explained below.)

21  Stepsfor Selecting Census Tractsfor Site Visits

The process used to select the 99 census tracts involved three steps. Firdt, we identified tracts
that are eligible to be included in the sample. 1n the second step, we dratified the tracts and selected
33 “target tracts.” Inthefina step, we identified other tracts near the target tracts and formed clusters
of threetracts each. This clustering gpproach reduced the travel required to collect data, while still
alowing us to choose tracts that reflect afull range of characteristics. Throughout the process, tracts
were chosen to reflect the full range of digible tracts.
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2.1.1 |dettify Eligible Tracts

There are approximately 62,000 census tracts in the United States, including block numbering
areas.! Thefirgt sep in the development of the sample was to identify the tracts that were digible to be
included in the sample. Based on the consensus of the workgroup representatives, tracts that were
predominately in federally-owned lands or in “urbanized areas” as defined by the U.S. Bureau of the
Census, were excluded.? It was the workgroup’ s consensus that these areas would not contain
LCSSs. Whileasmal number of urbanized areas use ssorm water drainage wells, most do not. The
consensus of the workgroup representatives was that a sample of tracts in urbanized as well as non-
urbanized areas would not adequately represent the small number of urbanized tracts with sorm water
drainage wells. Also, some good data are available on the number of wellsin somecities. Therefore,
we decided to rely on the general data collection effort to enumerate the number of storm water
drainage wells in urbanized areas, and to use the modd to estimate only the number of these wellsin
non-urbanized areas. There are 24,818 Census tracts outside of federally-owned lands and urbanized
aress.

Based on the consensus of the workgroup, we diminated additiona tracts from the list of
eigible tracts that we thought were highly unlikely to contain either LCSSs or sorm weter drainage
wells. Again, to the extent sorm water drainage wells may be in some of these tracts, we will account
for them through the generd data collection effort. Tracts with the following characteristics were
declared indigible:

. Tracts with high housing or population densities. These tracts are largely near urbanized
areas, and households in these areas are typically served by public sewer systems. Based on
the workgroup consensus, we decided to exclude tracts in the top five percentiles of the
housing and population digtributions.

. Tracts with very low population densities and/or very large areas. These sparsdly
populated areas -- the bottom five percentiles of the population digtribution (less than seven
people per square mile) or the largest five percentiles by area (330 square miles or larger) --
are often in remote rurd areas and are unlikely to have ether subclass of well. We excluded
thesetracts. Again, thisexcluson is based on the consensus of the workgroup.

. Tracts with gypsum and salt bedrock. These are tracts in which gypsum and sat deposits
occur near the land surface and form karst-like features. This type of bedrock unit is not
conducive to ground water movement, either to produce water or to accept water from an

! Some areas of the country are designated “block numbering areas’ by the Census Bureau,
rather than Census tracts. All are referred to as “ census tracts’ in this document.

2 “Urbanized area’ is defined by the U.S. Census Bureau as “a continuously built-up areawith a
population of 50,000 or more. It comprises one or more places — central place(s) — and the adjacent

densely settled surrounding area — urban fringe — consisting of other places and nonplace territory.”
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injection well. When ground water is present, it is generally unpotable. Tracts classfied as
having this type of bedrock -- which are one percent of the tracts outside federal lands and
urbanized aress -- were excluded.

. Tractsthat are largely crop land. These are tracts in which avery large percentage of the
areaisfarmland. These tracts may have other drainage wells, but they are not the focus of this
Ste selection process. Based on expert opinion and workgroup comment, we excluded tracts
in the top five percentiles of the digtribution of the percentage of the areain crop land.

After diminating these tracts, the number of digible tracts was 18,578, or just over three
quarters of the 24,181 tracts outside of federd lands and urbanized aress.

2.1.2 Sdlect Target Tracts

After weidentified digible tracts, the next step wasto sdlect target tracts. We considered two
options:

. Random selection. In this option, USEPA would sdect tracts a random, which would
theoreticdly result in aset of tracts with afull range of demographic and geologic
characteristics. The advantage of this option isthat every tract would have an equa probability
of sdection. The disadvantage is that many of the Ste vists would likely occur in aress that
contain few or no wdlls.

. Stratified selection. In this option, which the workgroup chose, we selected some tracts that
are likely to contain wells and some tracts that are not, but we weighted the selection process
toward the ones likely to contain wells. One advantage of this option is that it improves the cost
effectiveness of the data collection. (Confirming, through many codtly Ste vidts, that wells do
not exig, isexpendve) In addition, this option improves the Satigticd efficiency of the modd.

There are two important notes about this Site selection process. Firgt, this approach produces a
probability sample, dthough the probability of seection is not the same for each tract in the sample.
We calculated the selection probabilities for each tract, and used these probabilities while developing
the find modd for the nation. In other words, the model does not assume that the areas we visited
have the same characterigtics, on average, as the areas we did not visit. Second, this methodology
alowed for mid-course correctionsin case our assumptions proved to be highly inaccurate.

The following describes the steps we used to dratify the census tracts into areas that are more
likely to contain wells and areas that are less likely to contain wells. The first two variables are geologic
characteristics that influence the probability that drainage wells are used -- the presence of the most
susceptible bedrock conditions and/or the presence of extensive sand and gravel deposits. Thefind
two variables dedl with demographic characteristics that influence the number of wells.
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1 Distinguish between tracts with no susceptible bedrock from tracts with
susceptible bedrock (as conditioned below) and presence of bedrock that iswithin
five feet of the surface.® Tracts that have the co-occurrence of susceptible bedrock
and susceptible or other bedrock within five feet of the surface are distinguished from all
other tracts. The susceptible bedrock category in the database is subdivided into seven
classes* Thefirst four represent karst features for the United States; the last three are
aress of “fractured” rock settings:

A. Areas where normal fractured carbonate-rock derived karst topography,
specificdly flat lying limestones and dolostones, is a the land surface.

B. Areas where normal fractured carbonate-rock derived karst topography,
specifically moderately deformed carbonate rocks, is at the land surface.

C. Areas where carbonate-rock karst is buried by up to 200 feet of noncarbonate
materid (e.g., glacid depositsin the upper Midwest).

D. Areas where karst isformed in st or gypsum beds.

E. Deformed crystdline and carbonate rocks (marbles) affected by fracturing and
solution (“kardtification” in the carbonate portions). Thisunit is particularly
important in portions of the Appaachian region as well as some of the western
mountain aress.

F. The fractured, porous volcanic rocks of the western United States, particularly
the northwestern states (e.g., the Snake River aquifer and Columbia Plateau

region).

G. Large areas with known jointing and collapse festures in sedimentary deposits
(eg., glt, sands, and gravels), particularly in the southern coastd Plain and High
Pansregion of Texas.

For the purpose of selecting tracts for Site vists, only the classes for traditional karst
(A-C) and the areas of volcanic/lava with fissures, tubes, and tunnels (F) were included
inthisvariable. Asnoted above, the areas of gypsum bedrock karst (D) were
excluded because such rock units are not typicaly useable for injection (or withdrawal)
of water. Other classes, such as sedimentary slts and sands with collapse features,
were not used for targeting Ste sdlection but remain in the database for evaluation.

3 USEPA will refer to this variable as “susceptible bedrock” throughout this document.

4 Source: Digital/GIS version of the Engineering Aspects of Karst. 1986. U.S. Geological
Survey.
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2. Distinguish between tracts with soils that contain a relatively large percentage of
sand and gravel from other tracts. Tractsin which less than ten percent of the area
is sand and gravel were placed in one stratum. This includes 75 percent of the tracts.
The remaining 25 percent (i.e., those with greater area of sand and gravel) were placed
in asecond stratum. Workgroup members generally agreed that ClassV wells are less
likely to occur in tractsin the first stratum (i.e., those in which less than ten percent of
the areais sand and gravel) than in tractsin the second stratum (i.e., those with greeater
area of sand and gravd).

We drdified dong this variable so that we could examine areas with greater
percentages of sand and gravel soils. The ten percent cutoff was chosen for two
reasons. Firgt, previous experience suggests that areas with greater than ten percent
sand and gravel soils are more likely to be associated with sand and gravel deposits of
ggnificant thickness, and in turn, more likely to contain wells. Second, ten percent
gopearsto reflect anaturd cutoff, given the digtribution of census tracts dong this
characterigtic. The ditribution of tracts by the percentage of the soil that is sand and
gravel is highly skewed, with along right tail. (See Figure 12.) This cutoff placesthe
long tail in the second sratum.

3. Stratify the data by the percentage of housing unitsin an area on a public sewer.
Census data on public sewers, which cover sanitary sewers and not storm sewers,® also
were used to dratify the data. Areasin which alarge share of the housing units -- 90
percent and above -- are on public sewer systems are less likely than other tracts to
contain either LCSSs or storm water drainage wells. USEPA dratified the data aong
this characterigtic to limit the number of tracts USEPA drew from areas with 90 percent
or more of the area.on public sewer systems (i.e., to enhance the number of tracts likely
to have septic systems and storm water wells).

4, Distinguish tracts with housing patterns representative of the country as a whole
fromlesstypical tracts Three atributes characterize these tracts as atypica:

A. A large percentage of the housing structures in the tract contain five or more
housing units; or

® The absence of information on areas that are served by storm sewers (but not by sanitary sewers) isa
limitation of Census data. The Census of Population (Question 16) asks respondents if their household is connected
to apublic sewer; if not, respondents are asked to specify if their household is connected to a septic tank, cesspool,
or other means of wastewater disposal. This means that the Census identifies only areas served by sanitary sewers
or combined sewers; it does not provide data on areas served exclusively by storm sewers. It also does not identify
areas where businesses may be served by sewers but households are not. Finally, USEPA isrelying on the most
recent Census, which isamost ten years old, and may undercount areas that are recently sewered. All of these
limitations are balanced by the fact that Census data were uniformly collected from every Censustract. Thereisno
other comparable data source.
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B. A large share of the housing unitsin the tract are mobile homes; or
C. A large share of the housing unitsin the tract are part-time residences.

We conddered the tract atypicdl if it fell into the top five percentiles of any of these
three characteristics® We believe that areas with these characterigtics are likely to
contain more wells than typica tracts. There are approximately 3,500 such tracts, or
15 percent of the tracts outside of federal lands and urbanized aress.

Weincluded these atypicd tractsin the list of digible tracts and explicitly dlow for the
structurd break in the data between typica and atypica tracts. This approach provides
us with information about the tracts that are most likely to contain wells while limiting
the impact these tracts have on their estimate of the number of wellsin more
representative areas.

The combination of these four variables gave us 16 drata from which to sdect target tracts.
We randomly sdlected tracts from each stratum to ensure they included the full range of censustracts.
To weight the sample toward tracts that were likely to have wells, we selected a higher proportion of
tracts from areas that are unsewered and have susceptible bedrock. We selected 40 tracts to serve as
potential target tracts. In some cases, potentid targets are very close to one another. In casesin which
two targets were adjacent to each other, we randomly dropped one of the targets. Seven targets were
dropped, leaving us with the desired 33 target tracts. Table 1 shows the number of target tracts
selected from each stratum, aswell asthe total number of digible tractsin each of the 16 drata.

2.1.3 Sdecting The Tractsto Vidt

The fina step was to identify the remaining tractsto vist. Our gpproach to sdlection was to
identify clusters of tracts, thereby reducing travel time for the staff who visited the trects. Each target
tract was the center of acluster. Two additiond tracts were sdlected from dl of the tracts within a
100-mile radius of the target tract. Thisyielded 99 tractsin 33 clusters.

We used systematic sdection to pick the remaining two tracts for each clugter, rather than pure
random sdlection. There were two congraints that limited our ability to use pure random sdection.
First, we wished to avoid to the extent possible sdlecting more than one tract from the same county.’

® The top five percentiles include tracts with 22 percent or more of their structures containing five
or more housing units. Tracts in which 36 percent or more of the housing units are mobile homes fall into
the top five percentiles of that variable. Tracts in which 29 percent or more of the housing units are part-
time residences are in the top five percentiles of that variable.

" County ordinances and practices may be factors that predict the use of injection wells.
Selecting severd tracts in the same county therefore could introduce bias into the model.
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Second, we wanted ensure that the sample reflects the full range of characterigticsin the digible tracts;
therefore, we weighted the sample by the number of observations sought for each stratum.

Table 1. Number of Target Tracts per Stratum
(Number of Eligible Tractsarein Parentheses)

Lessthan 90% of Areaison 90to 100% of Areaison
Public Sewer System Public Sewer System
Lessthan 10% or More Lessthan 10% or More
10% of Area of Areais 10% of Area of Areais
isS& G! S& G isS& G S& G Total
% No Susceptible 3 3 1 0 7
|: Bedrock? (6,984) (2,682) (1,394) (290) (11,350)
2 Susceptible Bedrock 3 4 0 1 8
= within 5 Feet of Surface (3,648) (780) (363) (76) (4,847)
%) .
t(‘é No Susceptible 4 3 0 1 8
|: Bedrock? (699) (628) (290) (84) (1,701)
o .
> Susceptible Bedrock 4 5 1 0 10
< within 5 Feet of Surface (374) (207) (64) (15) (660)
Total 14 15 2 2 33
(11,705) (4,297) (2,111) (465) (18,578)
! sand and gravel.

2 Absence of susceptible bedrock within five feet of the surfacein the tract.

From adaistica standpoint, an essentid feature of any random sampleis that the sample has a

known probability of selection. Thisfeatureis retained by this procedure and the probability of

s2lection can be estimated.

22

Summary of Demographic and Geologic Char acteristics of the Sample

Table 2 shows the number of tracts sdected from each stratum. Table 3 summarizes the

number of tractsin the sample sdlected from each USEPA Region, by Strata. Every stratum is not
represented in each USEPA Region. For example, there are no typica tracts in the sample from
USEPA Region 2 that are from areas with no susceptible bedrock within five feet of the surface and
sand and grave soil in less than ten percent of the area. Theinventory model isintended to give a
reasonable estimate of the number of welsin the nation as awhole, not for individud USEPA Regions.
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Table 2. Number of Selected Tracts per Stratum

Lessthan 90% of Areaison 90to 100% of Areaison
Public Sewer System Public Sewer System
Lessthan 10% or More Lessthan 10% or More
10% of Area of Areais 10% of Area of Areais
isS& Gt S& G isS&G S& G Total

% No Susceptible 13 1 5 1 7
© Bedrock?
|_
; Susceptible Bedrock 9 9 3 1 2
= within 5 Feet of Surface
& No Susceptible
&8 o e‘i’(z 11 14 2 1 28
= roc
a .
> Susceptible Bedrock 1 9 1 1 2
< within 5 Feet of Surface

Total a4 43 8 4 99

! sand and gravel.
2 Absence of susceptible bedrock within five feet of the surfacein the tract.
C-10
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Table 3. Number of Target Tracts Per USEPA Region by Strata
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! sand and gravel.

2 Susceptible bedrock within five feet of the surface in the tract.
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Attachment C to this Appendix shows the distributions of severd tract characteristics and
compares the sample tractswith dl digibletracts. Each figure containstwo graphs. Thefirst graph is
the digtribution for the 18,578 digible tracts, and the second graph is the distribution for the 99 tractsin
the sample. Figure 11, for example, shows the distribution of the percentage of areawith susceptible
bedrock for the 18,578 dligible tracts and the 99 tractsin the sample. These two distributions show
that the sample was drawn from the entire spectrum of digible tracts and was weighted dightly toward
those areas with the highest percentages of susceptible bedrock.

These data provide us with the probability sample that we used to develop the modes of the
inventory of storm water drainage wellsand LCSSs. The modeling effort accounts for the weighted
selection process used to choose the sample. Welghts are assigned to each tract based on its selection
probability. Because of the complex process used to draw this sample, the caculation of the selection
probabilitiesis not trivid. These cdculations are shown in Attachment B to this Appendix.

In Sudies of this sort, measurement error usudly is the largest problem. In this sudy, the
direction of measurement error seemsclear. It isunlikely that field personne reported wells that do not
exig, but it islikely that they overlooked some wells that exist but are not evident through visud
ingpection. In short, measurement error islikely to contribute to an under-estimation of the number of
wells. USEPA took severd stepsto try limit the amount of measurement error. Severd sources were
used to identify wellsin each ste vigt, including sate and locd officids, loca records, and physicd
inspections. Because the number of orm water drainage wells found during the Site visits was fewer
than expected, USEPA took two additional steps to attempt to verify itsresults. Fird, it sent two
independent teams to ingpect one Ste. The two teams identified the same number of wellsin that Ste.
Second, it selected nine additiond stesfor vidtsthat the generd data collection effort indicated were
more likdly to contain storm water drainage wells. More wellswerein fact found in these tractsthan in
typica tracts in the sample, using the same methodology.

2.3  SiteVisit Methodology

We conducted site visits to the 99 census tracts selected above to count the number of storm
water drainage wellsand LCSSsin each tract. State, locd and USEPA Regiond officias were
contacted in advance of the vigits for information on these well types and were invited to participate in
the census tract Ste visits.

The process of locating storm water wells and LCSSsincluded interviewing USEPA, dtate,
county, and locdl officids, sate Department of Trangportation engineers, city engineers, Drainage
Digtrict commissioners, Natural Resource Conservation Service representatives, county engineers and
sanitarians, and loca Department of Highways and Roads engineers within atract. In some cases,
former UIC officids were dso contacted. Site visitors obtained information on the design
characteridtics of sorm water wells, the location of any known wells, areas likely to contain multiple
grates leading to asingle ssorm water well, and sewered and unsewered areas within each tract.
Whenever possible, we obtained copies of loca regulations and verified the existence of septic systems
with permits or verbd confirmation from locd officids.
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Although contact with various officias was made prior to the Ste vists, face-to-face meetings
were usudly necessary in order to obtain detailed information. Typicdly, the Ste vistor would meet
with county sanitarians and engineers prior to conducting the street survey. During these meetings,
areas with the highest probability of containing LCSSs and storm water drainage wells would be
discussed and identified on alocal map. Vistors aso obtained generd design requirements as well as
copies of any permits or sanitary and storm sewer planson file.

We used 7.5 USGS Quad maps and census tract outlines as well as road, county, soil, and
sewer maps to conduct field ingpections of al streetsin each censustract. The field ingpections verified
the accuracy of locd officids’ information and found wells not identified by locd officids. We marked
al roads traveled on the corresponding Quad maps. They usudly were not able to enter private
property, but stopped at dl buildings that could potentialy useaLCSS. We interviewed the owner or
tenant of the building and/or obtained copies of permits, whenever possible. Site vistorstypicaly
stopped roadside to investigate loca drainage patterns and the possibility of storm water drainage
wells. They took a picture of structures they found and obtained the coordinates of the wells using
hand-held globd positioning system (GPS) units. At the end of each Site vigt, they compiled dl data,
permits, loca regulations, daily logs, notes, pictures, and correspondence in a consstent format.

24 Results of Census Tract Site Visits

The census tract Site visits produced the data needed to model the number of storm water
drainage wells and LCSSs nationwide. LCSSswere found in 88.9 percent of the tracts visited. Storm
water drainage wells were located in 22.2 percent of the census tracts surveyed. (See Figures 2 and
3)

Storm water wells were primarily

. Figure 1.
foun_d aong S”e?ts’ b_Utwere_dso (_:ommon n Location of Storm Water Wells
parking lots and in private resdentia other

compounds. A few storm water wells were ReASide”“a'
reas

found in other aress, such as dong bike paths 2206
or in recregtiona vehicle parks, asshownin
Figure 1. Demographic and geologic
characteristics were shown not to be the sole

2%

Streets
51%

determinants of the prevalence of wells. For
example, adjacent counties sharing Smilar
geologica and demographic characteristics

Parking
Lots
25%

often differed in their use of orm water

wells. In one county, Site vistors found that hundreds of ssorm water wells were used, while the
adjacent county used few if any storm weater wells. State and county officias generdly sad that the
culturd, palitica, and historicd practices of a particular area strongly influenced the number and
presence of sorm water wells.
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Figure 2. Location of LCSSsin Census Tract Visits

M= Wiells Found
Q= Naowedls Found

Figure 3. Location of Storm Water Drainage Wellsin Census Tract Visits

H=wrells Found
Q= No rells Found
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LCSSswere found in sawered and unsewered areas and were used in awide variety of
circumstances. Geologica variables did affect the existence and prevaence of septic systems. Septic
sysems were found in awide variety of non-urbanized areas. As shown in Figure 4, the largest
percentage of systems were located at churches, but there were also many found in commercia aress,
restaurants, campgrounds, public buildings, motels, resdentid areas, industrid areas, schoals,
recreagtiond areas, and afew in other areas such as farms and ranger stations.

Figure 4. Location of LCSSs
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Table 4 summarizes the average number of storm water drainage wdlls found in the sample, by
drata. Standard deviations are shown in parentheses. Due to the smal sample Size and the relatively
few tracts that contain these wells, the differences are not satisticaly sgnificant. Tractsin which 90 to
100 percent of the households are on public sanitary sewers have very few storm water drainage wells.
Among tracts in which less than 90 percent of the households are on public sanitary sewers, the
average number of storm water drainage wellsis higher for tractsin which at least 10 percent of the
areais sand and grave soil. The differenceis due largely to one tract, which had 210 wells. If thistract
is excluded, the differenceis much smaler. Atypicd tracts dso tend to have more wells if this one tract
is excluded; this result is sgnificant a the 10 percent level (but not at the 5 percent levd).

Table 5 summarizesthe results for LCSSs, by drata. Tracts in which 90 to 100 percent of the
households are on public sanitary sawers are lesslikely to contain LCSSs. Thisistrue in the aggregate,
and within the other drata; the differences are satistically sgnificant. Among tracts in which less than
90 percent of the households are on public sanitary sewers, thereislittle difference between tractsin
which more than 10 percent of the soil is sand and gravel soil and other tracts, or between tracts with
susceptible bedrock and tracts without susceptible bedrock. Atypicd tracts tend to have more LCSSs,
but the difference is not datisticaly sgnificant a the 5 percent levd.
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Table 4. Average Number of Storm Water Drainage Wellsin Sample by Strata
(Standard Deviationsin Parentheses)

Lessthan 90% of Areaison 90 to 100% of Areaison
Public Sewer System Public Sewer System
Lessthan 10% or More Lessthan 10% or More
10% of Area of Areais 10% of Area of Areais
isS& G! S& G isS& G S& G Total
No Susceptible 1.0 20.0 10 0.0 8.7
Bedrock? (3.6) (63.0) (1.4) (NA) (40.3)
©
2
l% Susceptible Bedrock 0.3 0.4 0.0 0.0 0.3
within 5 Feet of Surface 0.7) (0.9 (0.0) (NA) 0.7
No Susceptible 4.4 2.7 0.5 0.0 31
Bedrock? (9.9) (8.0) (0.7) (NA) (8.3)
3
=
< Susceptible Bedrock 75 0.9 0.0 0.0 41
within 5 Feet of Surface (24.4) 27 (NA) (NA) (17.3)
3.3 6.3 0.4 0.0 4.3
Total
(13.2) (32.2) (0.7) (0.0) (22.9)
! Sand and gravel.

2 Absence of susceptible bedrock within five feet of the surfacein the tract.
NA - not applicable.

25  DataLimitations

While the data provide useful information about the number of sorm water drainage wells and
LCSSs, it is subject to certain limitations. Perhgps most importantly, the sample szeis rdlatively small.
Dueto both financid and time congtraints, the Sze of the sample sdlected for the andyss was limited to
100 Censustracts. While the dratification of the data along potential demographic and geologic
variables ensured that the sample reflected the full range of these variables, the strata do not explain
much of the variance in the number of either type of well. Asaresult, the sandard errors of the
estimated number of wdlsisrdatively large, aswill be seen in Section 3. The god of the study is
largely exploratory; very little is known about the number or location of ether type of wdl or the factors
that affect the decison to use these wells. USEPA was willing to accept some imprecison in order to
deveop initid estimates of the number of wellsin the nation, and to gain understanding into the various
factorsthat affect their use, while remaining within the congtraints imposed on the study.
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Table5. Average Number of LCSSsin Sample by Strata
(Standard Deviationsin Parentheses)

Lessthan 90% of Areaison 90 to 100% of Areaison
Public Sewer System Public Sewer System
Lessthan 10% or More Lessthan 10% or More
10% of Area of Areais 10% of Area of Areais

isS& G! S& G isS& G S&G Total

No Susceptible 138 16.2 2.0 0.0 134

Bedrock? (10.1) (18.9) (2.8) (NA) (14.3)
©
92

> Susceptible Bedrock 17.2 19.6 4.0 5.0 15.8

within 5 Feet of Surface (15.8) (15.0 (6.9) (NA) (14.8)

No Susceptible 331 21.6 20 2.0 24.0

Bedrock? (39.5) (18.7) (2.8) (NA) (28.9)
8
5

< Susceptible Bedrock 15.3 23.1 13.0 0.0 17.7

within 5 Feet of Surface (8.3 (18.4) (NA) (NA) (13.9)

19.7 20.1 41 1.8 179

Total
(22.7) (17.5) (5.5) (2.4 (19.8)
! Sand and gravel.

2 Absence of susceptible bedrock within five feet of the surfacein the tract.
NA - not applicable.

Census tract Ste vistors encountered various difficulties while conducting the site visits. Many
wells were located on private or secured property, limiting Site visitors access to potential Sites. At
times, gte vigtors dso had difficulty verifying information provided by locd officids. Other limitations
occurred because building owners and tenants were often not available, many parks and resorts
operated seasondly, and certain buildings such as churches were only active during certain days or
months.

In addition, Site visitors found that Sate, county, and locdl officias could only provide limited
information on storm water drainage wells and LCSSs. Many of their records were incomplete,
missing, or out-of-date, which made it difficult to verify the wells existence and configurations. For
example, information was rarely available to hep Ste vigtors determine whether sorm water drainage
wells drained to the surface or ground water. Many officids were aso reluctant to report the locations
of known or suspected wells due to concerns that USEPA would later target them for enforcement
action. Other problems encountered during the Ste visits included the inconsstent qudity and
avallability of locad maps, lack of daylight, and poor weether conditions which made inspection more
difficult.
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3. Models of Inventory of Large-Capacity Septic Systems
and Storm Water Drainage Wells

The data collected through the site visits are used to develop models of the number of LCSSs
and sorm water drainage wellsin the nation. This section describes these modd s and their estimates of
the number of each subclass of well in the nation. Attachment A to this Appendix describes in detail
how each modd was developed. Based on these moddls, USEPA estimates the number of LCSSsto
be approximately 300,000. The standard error of this estimate is approximately 20,000. We estimate
the number of storm water drainage wells to be gpproximately 125,000. The standard error of this
estimate is gpproximately 35,000.

3.1 Large-Capacity Septic Systems

The estimate of LCSSs was devel oped using a modd-based approach. We used the sample of
99 tracts to estimate a moddl, which was then used to estimate the number of wellsin each tract in the
country. We estimated the model using Poisson regression. (See McCullagh and Nelder (1989) for a
description of Poisson regression.) Poisson regression is an gppropriate approach to use when
modeling discrete counts, aswe arein thiscase. The Poisson modd estimates an incidence rate which
it multipliesby an exposure to obtain the expected number of observed events. The exposure isthe
number of households on septic systemsin aCensustract. The rate is afunction of the characterigtics
of each Censustract, including the tract’s housing dengity and the percentage of soil in the tract thet is
poorly drained. The mode aso digtinguishes between tracts in which 90 to 100 percent of the
households are on sanitary sewers and tracts in which fewer than 90 percent of the households are on
sanitary sewers. It dso dlowsthe rate to vary by USEPA Region. Formaly, the expectation of the
number of LCSSsin an digible Census tractsis given by equation 1:

by+b,Sewered + bfoDensi ty
[o]

(1) E[ LCS] = (ml Cb1+b3sewered ) * e+b5DrainaQE+a j:2b3+i EPA,;
Where E[LCS] = the expectation of the number of LCSSsin atract;

Septic = the number of households on sanitary septic systemsin atract;

Sewered = adummy varigble indicating 90 to 100 percent of tract is on public
Sewers,

Sewered* Ln(Septic) = an interaction term, which is the product of the
Sewered dummy and the naturd logarithm of the number of households on
Sanitary septic systemsin atract;

Densty = households per square milein atract;
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Drainage = the percentage of the tract with poor soil drainage;

EPA; = nine dummy variablesindicating USEPA Region 2 through USEPA
Region 10 (USEPA Region 1 is the reference group); and

$, through $,, are parameters estimated by a regression.

The term Septic” "= isthe exposure. It ismultiplied by the rate, which is given by the
bo+b , Sawered+b , Density+b s Drai 3" ba, EPA _
term e erybsDraineeerd i< A to obtain the expected number of LCSSs per tract.
Equation 1 can be restated as equation 2; the parameters of the modd are estimated by running a
Poisson regression on equation 2.

by +b; In( Septic )+b,Sewered +b, Sewered * In(Septic)
+b, Density+bgDrai nage+é 1122 b3, EPA;

2

@ E[LCY = e
While the parameters of the modd are estimated with a Poisson regression, we do not know

whether the true modd is actudly Poisson. The uncertainty about the underlying form of the model
introduces another source of variability in our parameter estimates. The standard errors of our
parameter estimates reflect this additiona uncertainty. The coefficients are estimated assuming the
Poisson mode holds for both the mean and the variance; the stlandard errors are adjusted to dlow for
possible violations of these assumption about the variance. The standard errors are robust because
they are congstent in large samples even if the data violate the assumptions used to produce estimates
of the regression coefficients. (The standard errors are estimated based on the assumption that the
observations are uncorrelated.) Put another way, if we are willing to assume that the data are
digtributed Poisson, we can iminate a source of uncertainty and can reduce the standard errors of our
estimates.

Table 6 displays the Poisson modd’ s estimates of the parameters. Robust standard errors are
shown in parentheses. The coefficient on the number of households on septic systems (the exposure
variable) is 0.85, which means the exposure is not proportiond to the number of households on septic
sysems. (The exposure would be proportiona to the number of households on septic systemsif the
coefficient equaled 1.) The exposure increases 0.85 percent when the number of households on septic
sysemsincrease 1 percent, for tracts in which less than 90 percent of the households are on public
sanitary sawers. Thisresult is gatidticaly sgnificantly different from zero; it dso is datidticaly
ggnificantly different from 1.

Tractsin which 90 to 100 percent of the households are on public sanitary sewers (which will
be referred to as " sewered tracts’) may behave differently than tracts in which less than 90 percent of
the households are on public sanitary sewers (which will be referred to as “non-sewered tracts’). The
intercept and the coefficient on the number of households on septic
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Table 6. Poisson M odel of L CSSs

Parameter Estimates
Ln(Septic): Households on Septic Systems 0.849
(0.106)**
Sewered: 90-100% of Households on Sewers 1.320
(1.537)
Sewered* Ln(Septic) -0.112
(0.327)
Density: Total Housing Units/Sg. Mile -0.001
(0.001)
Drainage: Percentage of Areawith Poorly Drained Soils -0.010
(0.005)*
USEPA Region 2 1.018
(0.354)** t
USEPA Region 3 -0.007
(0.189)t
USEPA Region 4 0.546
(0.185)** t
USEPA Region 5 -0.424
(0.206)*
USEPA Region 6 0.519
(0.339)t
USEPA Region 7 -0.413
(0.303)t
USEPA Region 8 0.960
(0.257)** t
USEPA Region 9 0.417
(0.202)* 1
USEPA Region 10 -0.171
(0.315)t
Constant -3.143
(0.811)**
Observations 99

Robust standard errors are in parentheses.
* Significant at 5% level; ** Significant at 1% level; T Jointly significant at 1 % level.

systems are dlowed to be different for sewered tracts than for non-sewered tracts. Thisis
accomplished by entering the dummy varigble “ Sewered” and the interaction term

“Sewered* Ln(Septic).” The parameter estimate for the “ Sewered” dummy variable is positive, but
amadl, and the interaction term is negative. The positive Sgn of the dummy variable may seem counter-
intuitive because it implies that the number of LCSSs per household on septic systemsis higher in
sawered tracts than non-sewered tracts, al ese being equal. Whilethisrateis higher, al else being
equal, sewered tracts tend to have fewer LCSSs than non-sewered tracts for severd reasons. Firg,
sewered tracts tend to have far fewer households on septic systems than non-sewered tracts. Second,
the negative sign on the interaction term'’ s coefficient means that the exposure is lower in sewered tracts
than it isin non-sewered tracts, even if they contain the same number of households on septic systems.
These two factors mean sewered tracts tend to have lower exposures than non-sewered tracts. Findly,
the rate — the number of LCSSs per household on septic systems — may not be higher for sewered
tracts than non-sewered tracts because dl dseisrardy equal. Housing dendty tendsto be higher in
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sawered tracts than in non-sewered tracts, which, as we will see, tends to lower the number of LCSSs
per household on septic systems. As aresult of these three factors, the expected number of LCSSsin
sewered tracts tends to be lower than in non-sewered tracts.

As housing density increases, the number of LCSSs decreases, as shown by the negative Sgn
on the Dengdity parameter in Table 6. The number of LCSSs aso declines as the percentage of the tract
with poorly drained soil increases. Neither of these resultsis Satigticaly sgnificant. The parameter
edimates for each of the USEPA Region dummy varigbles are jointly sgnificant, which meansthe
average number of LCSSs per household on septic systems differs across the USEPA Regions.

The estimated number of LCSSsin atract is given by equation 2 (or equation 1), using the
vaues of the parameters shown in Table 6. The tota number of LCSSsin the country is equd to the
sum of the estimated number of systems across dl tracts in the nation. The standard error of the
edimateis equa to alinear combination of the parameters and their sandard errors. (Attachment A to
this Appendix shows the details of how we calculate the standard error.) A 95 percent confidence
intervd isequd to:

©) Cl= Total + 1.96*SE

Where: Cl = 95% confidence intervel;
Tota = Poisson modd’ s estimate of the total number of tractsin netion; and
SE = The standard error of the modd.

The 95 percent confidence interva is defined such that if we repeatedly drew samples,
estimated the moddl, and used the model to estimate the total number of LCSSs, this confidence
interval would include the true answer 95 percent of thetime. 1t assumes the variance in the estimate of
the total number of wellsis normdly distributed.

As discussed in Section 2 above, the modd assumed that relatively densely populated tracts
surrounding urbanized areas would not contain wells. Areas with gypsum and salt bedrock are dso
excluded. The sample used to estimate the LCSSs model was drawn from the remaining 18,578 tracts
in the 48 contiguous states. While site visitsin Hawaii and Alaska could not be conducted, the model
assumes that the parameters estimated for the rest of the country can be applied to those states as well.
The tota number of digible tractsin the United States to which the modd can be applied is 18,705.
The modd estimates that these tracts contain 289,385 wells, as shown in the first row of Table 7. The
sze of the 95 percent confidence interva is just under 100,000.
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Table 7. Model-Based Estimate of the Number of LCSSsin the United States

95% Confidence Interval
Estimated
Number of Standard L ower Upper
L CSSs Error Boundary Boundary
Eligibletractsin all states 289,385 21,165 247,902 330,868
Eligible tracts plus relatively densely
populated tracts in all states® 353,361 25,143 304,081 402,641

& Includes eligible tracts, plus tracts in densely populated areas surrounding urbanized areas.

Asdiscussed in Section 2, it was assumed that rdlatively densely populated tracts surrounding
urban areas are highly unlikely to contain LCSSs. If this assumption is wrong, and these tracts contain
wells, the modd would underestimate the number of LCSSsin the ntion. If it isassumed that the
characterigtics of these tracts affect the use of LCSSsin the same fashion as eligible tracts, the total
number of wellsincreases by just over 60,000, to 353,361. Thisis shown in the second row of Table
7. The standard error a0 increases, as does the size of the 95 percent confidence interva. This
edimate is meant to illustrate the potentia impact of redaxing the assumption that these relaively densaly
populated tracts surrounding urban areas contain no wells. USEPA believes the assumption that these
tracts contain few if any LCSSs remains vadid, based on information collected during the generd data
collection effort and discussons with state and loca authorities.

This estimate does not make use of information about the sampling design. Asdiscussed in
Attachment A to this Appendix, the regression could be weighted by the inverse of the sdlection
probabilities. (See Attachment B to this Appendix for a description of how the sdection probabilities
are estimated.) This model-assisted gpproach would increase the estimate of the total number of
LCSSs, and would increase the standard error of that estimate, as shown in Table 8. The standard
error increases because of variability in the weights. This variability makes the use of weights less
appedling because it increases the variance and likely does not affect bias as the Strata do not appear to
be associated with the number of LCSSs.

In addition to the sampling weights, the model could incorporate information about the
dratification and clustering in the sample. We do not believe the data support the use of this
information. The strata do not gppear to be explain much of the variaion in the data, so any adjustment
would be smdl. Furthermore, the method used to estimate the standard errors that incorporate the
information about the clustering can be highly variable when the number of clusters drawn from each
grataissmall (Kott, 1994). Furthermore, it is believed that the effect on the estimated standard errors
of possble correation among the observationsis relatively smal, see Attachment A to this Appendix.
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Table 8. Model-Assisted Estimate of the Number of LCSSsin the United States

95% Confidence Interval
Estimated
Number of Standard L ower Upper
L CSSs Error Boundary Boundary
Eligibletractsin all states 303,169 46,973 211,101 395,237
Eligible tracts plus relatively densely
populated tracts in all states® 365,960 60,037 248,287 483,633

& Includes eligible tracts, plus tracts in densely populated areas surrounding urbanized areas.

3.2  Storm Water Drainage Wells

The edtimate of the number of sorm water drainage wells in the nation is itself the combination
two estimates. amode estimate for wells in non-urbanized aress, and State estimates of the number of
wellsin urbanized areas. This gpproach is necessary because of the sampling strategy. Urbanized
areas were excluded from the sample based on the assumption that very few storm water drainage
wellswould be found in urbanized areas. (See Section 2 above.) While afew cities make extensve
use of these wells, they could not adequately be represented in our rdatively smal sample. Therefore,
we decided to rely on state and other estimates gathered as part of the genera data collection effort to
account for the wells in urbanized areas, and to use the sample to build amodd of the number of wells
in non-urbanized areas. The edimate of the tota number of wells in the country is the sum of these two
estimates.

3.2.1 Two-Pat Modd of Storm Water Drainage Wells for Non-Urbanized Areas

The exigence of sorm water drainage wellsin the sampleisardatively rare event. Of the 99
tractsin the sample, 22 contained storm drainage wells. Because alarge share of the tracts contain
zero wells, alinear model smilar to the one used for LCSSs would be ingppropriate. Therefore, a
two-part model is used to estimate the number of wellsin each tract. (See Duan et d., 1983 for a
discussion of the two-part model.) The first part of the modd estimates the probability that a given tract
contains sorm water drainage wells. The second part of the modd estimates the average number of
wellsin tracts containing wells. The expected number of wellsis then equa to the probability estimated
in the firg part of the model times the conditional mean estimated in the second part:

@ E[DW] = P(DW> 0)* DW guso

Where: E[SDW] = the expectation of the number of storm water drainage welsin a

given tract;

P(SDW=>0) = the probability that tract contains storm water drainage wells;
and
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SDﬂ wwso IStheaverage number of storm water drainage wells among tracts
thet contain wells.

Estimate the Probability that a Tract Contains Sorm Water Drainage Wells

The probability that atract contains awell is estimated using a probit regresson. (See Aldrich
and Nelson (1984) for a description of probit regresson models) The probability is estimated as a
function of the dengity of housing built in the tract before 1970, the percentage of the area with poorly
drained soils, and mean annua precipitation. The estimated probability is given by:

5 P(SDW> 0) = F (b, + b,Density., + b,Drainage+ b,MAP)

Where: M = the standard norma cumulative distribution function;
Density, isthe number of housing units built before 1970, per square mile;
Drainageis the percentage of the tract with poor soil drainage; and
MAP is the mean annud precipitation in the tract, measured in inches.

Table 9 summarizes the results of the probit part of the modd. The parameters are not shown
because they are difficult to interpret; instead, the table shows the change in the probability of the
existence of wellsin atract for a change in each explanatory variable (dF/dX), evauated at the mean of
the data

The probability that atract contains storm water drainage wells increases as the dendty of
houses built before 1970 increases. If the number of houses per square mile built before 1970 in atract
increases by 10 from the observed mean, the probability of the tract containing sorm water drainage
wellsincreases by about one percent. The negative sign on the parameter for the percentage of the
tract with poorly drained soil means the probability declines as the amount of poorly drained soil
increases. a one percentage point increase in the amount of poorly drained soil in atract reducesthe
probability of the tract containing sorm drainage wells by about 0.8 percent. Theimplication is that
storm water drainage wells may not be adequate to handle the run off in areas with poorly drained soils,
0 they are not used. This aso may explain the Sgn on the mean annua precipitation parameter, which
isnegative aswdll. If precipitation increases by one inch, the probability that atract contains slorm
water drainage wells decreases by about 0.7 percent.
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Table 9. Probit Model of Probability of the Use of Storm
Water Drainage Wellsin Non-Urbanized Areas

dF/dX
Density: Housing units built before 1970, per square mile 0.001
(0.001)*
Drainage: Percentage of tract with poorly drained soils -0.008
(0.003)*
MAP: Mean annual precipitation -0.007
(0.003)*
Observed probability 0.222
Predicted probability (at mean of data) 0.181
Observations 99

Standard errors in parentheses.
* Significant at 5% level.

Estimate the Average Number of Wells in Tracts that Contain Sorm Water Drainage
Wells

To estimate the number of wellsin atract, the predicted probability from the first part of the
model is multiplied by the average number of wellsin tracts containing wells. The site vistsindicated
that one factor that affects the number of wellsin tracts containing wells is the existence of sand or
gravel soil. As Table 10 shows, the average number of wellsin tractsin which at least 10 percent of
the soil issand or grave is condderably larger than tractsin which less than 10 percent of the soil is
sand or grave.

Table 10. Average Number of Storm Water Drainage Wellsin Tracts Containing Wells

Average Number of Storm
Water Drainage Wells

Less than 10 percent of tract is sand or gravel soil 6.8
10 percent or more of tract is sand or gravel soil 18.2
All tracts 115

Note: Weighted average based on sample of 99 tracts. The number of tracts that contain storm water drainage wells
is22, 11 of which arein tracts in which less than 10 percent of the soil is sand or gravel.

The averages are weighted using the sdection probabilities. (Weights are used because the
smple mean does not include meaningful predictors, unlike the probit mode of discussed above) The
predicted number of wellsin atract in which less than 10 percent of the soil issand or gravel isequd to
the product of the probability predicted by the probit modd and 6.8. For tractsin which 10 percent or
more of the soil issand or gravd, the predicted number of wellsis the product of the predicted
probability from the unweighted probit modd and 18.2. The estimated totas for the two-part model
areshownin Table 11. Aswith LCSSs, the modd distinguishes between digible tracts and tractsin the
more heavily populated areas surrounding urbanized centers. Unlike LCSSs, there is evidence that
storm water drainage wells are used in some urbanized aress; therefore, it does not seem reasonable to
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assume that densdly populated areas surrounding urbanized areas do not contain wells. If the model
assumes these tracts behave like the eigible tracts included in the sample, the best estimate of the
number of wellsin non-urbanized areasis 63,998.

Table 11. Two-Part Model Estimate of the Number of
Storm Water Drainage Wellsin Non-Urbanized Areasin the United States

95% Confidence Interval

populated tractsin all states?

Estimated
Number of
Storm Water Standard L ower Upper
Wells Error Boundary Boundary
Eligibletractsin al states 44,246 24,670 9,630 103,008
Eligible tracts plus relatively densely 63,998 35278 13,409 145,174

& Includes eligible tracts, plus tracts in densely populated areas surrounding urbanized areas.

The error structure of the two-part modd isrelatively complex and it is difficult to estimate the
gtandard error anayticaly. Therefore, the modd uses a bootstrap method, described in Effron and
Tibshirani (1993), to smulate the error structure and estimate the standard error. We drew 1,000
samples with replacement from the data, estimate the parameters of the two part mode for each
sample, and estimated the total number of wells nationdly for each sample. These 1,000 estimates of
the total have a mean and variance, which are used to estimate the standard error and the 95 percent
confidenceinterva. The confidenceinterva is equa to the 2.5 and 97.5™ percentiles of the 1,000
estimated totals. The standard error and confidence interva of the estimate of the total number of
gorm weter drainage wellsin non-urbanized aressis rdatively large because of the rdativdy smal sze

of our sample, and the relatively smal number of tracts that contain wells.

The probit modd used to produce the estimatesin Table 11 does not incorporate the
information about the sample design. If the probit model is weighted by the inverse of the selection
probabilities, the estimated total number of wells in non-urbanized areas declines dightly, as shown in
Table12. Aswith the LCSS model, the mode does not take the sratification and clustering into
account when estimating standard errors. Thereis evidence that the possible correlation among the
observations due to the clustering of the data has little impact on the estimated standard errors. (See

Attachment A to this Appendix.)
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Table 12. Weighted Two-Part Model Estimate of the Number of
Storm Water Wellsin Non-Urbanized Areasin the United States?

95% Confidence Interval
Estimated
Number of
Storm Water Standard L ower Upper
Wells Error Boundary Boundary

Eligibletractsin all states 40,455 23,952 8,006 95,491
Eligible tracts plus relatively densely
populated tracts in all states® 59,105 34,107 11,345 131,600

2 Probit model isweighted by the inverse of the selection probabilities.
® Includes eligible tracts, plustracts in densely populated areas surrounding urbanized areas.

3.2.2 Sorm Water Wdllsin Urbanized Areas

There are two sources of data on the number of slorm water drainage wellsin urbanized aress.
The firgt are data sets from the states on the number and location of storm water drainage wellsin those
dates. (Twenty-one states reported the use of wellsin urban areas) Thelocation of municipditiesin
each data set was mapped to determine which ones fdl into urbanized aress, as defined by the Census
Bureau and thisstudy. (See Section 2 above.) Approximately 35,000 wells were documented in
urbanized areas. From the general data collection, Sates estimate an additiona 27,000 wellsin
urbanized aress in the entire country. Thisis the second source of data used in thisanalyss. Thisis
likely an underestimate, for severa reasons. Firdt, the sates believe their estimates are lower than the
actual number of wellsthat exist. Second, where arange was provided, we took the lower end of the
range. And findly, it could not aways be determined if the estimated number of wellswas in urbanized
or non-urbanized areas. Where this was the case, these estimates were not counted as part of the
urbanized totd. The estimate for the tota number of wellsin the country is equa to these estimates for
urbanized areas plus the model’ s estimate for non-urbanized areas, which is approximately 125,000.
Thisisshown in Table 13. The underestimate by the states would result in an underestimate of the total
number of welsin the country.

Unlike the model estimate, there is no standard error associated with the data from the sates.
There is no standard error associated with document counts — they are fixed and known. USEPA
cannot ascribe a standard error to the other estimates; thus, these estimates are treated asif they are
fixed, known amounts. Therefore, dl the variation in the estimate is due to the mode, and none can be
attributed to the data from the states. The 95 percent confidence interval around this estimate is 74,917
to 206,682. The confidence interva has along right tail because of the smal number of tracts with
large numbers of sorm drainage wells.

Of course, the other estimates of the number of wdlls are not fixed and known; therefore, the

standard error of the estimate is greater than 35,278. If we assume the relative sandard error of these
estimatesis smilar to that of the two-part model (just over 50 percent), then the standard error of the
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estimated totd would increase to just under 50,000. The 95 percent confidence interva aso would
increase; without further information about the digtribution of the error inherent in the date estimates, it
is not possible to determine the 95 percent confidence interva for the estimated totd.

Table 13. Total Number of Storm Water Wellsin
Urbanized and Non-Urbanized Areasin the United States

95% Confidence Interval
Estimated
Number of
Storm Water Standard L ower Upper
Wells Error Boundary Boundary
Eligible tracts plus relatively densely
i , 27 13, 145,174
populated tractsin all states? 63,998 3,218 3,409 S
Documented wells in urbanized areas 34,985 NA NA NA
Other urban wells 26,523 NA NA NA
Total 125,506 35,278 74,917 206,682

& Includes eligible tracts, plus tractsin densely populated areas surrounding urbanized areas.
NA = not applicable/unknown.

The states reported between 115,000 and 240,000 storm water drainage wells in the general
data collection effort. Our estimate istoward the lower end of that range. The upper range of this
edimate is not incongstent with the upper range of the estimates from the ates.

3.3 Conclusions

We estimate there are 289,000 LCSSs in the country. The 95 percent confidence interval is
from approximately 250,000 to 330,000. It also estimates there are 125,000 storm water drainage
wells, 60,000 of which arein ardatively small number of urbanized areas. The 95 percent confidence
interval isfrom 75,000 to 207,000. This confidence interva reflects only the mean square error of the
model of sorm water drainage wells in non-urbanized areas. The number of wellsin urbanized areas
includes estimates by the states whose error cannot be quantified.

While the standard errors are relatively large (at least for the estimate of the number of storm
water drainage wells), the estimates and confidence intervals are informative. It provides a genera
senge of the number of wellsin the country. LCSSs are rdatively common, but in rdaively small
numbers per censustract. Storm water drainage wells are used far less often, and are fewer in number.
The sze of the gandard errors of these estimates reflects the relatively small size of the sample, and the
wide range of factors that affect the use and number of these wells, many of which could not be
messured in thisstudy. The small number of tracts with rdatively large numbers of storm water
drainage wdlls dso account for much of the imprecision of the modd’s estimate of the number of wells.
If there are relatively few tractsin the county with large numbers of these wells, the nationa total would
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be towards the lower end of the range. If, on the other hand, there are arelatively large number of
tracts in the nation with large numbers of sorm water drainage wells, the number of wellsin the nation
could increase dramaticaly.

Asdiscussed in section 2, both the estimate of the total number of wells and the estimate of the
variance around that total may serve as inputs into an assessment of the risk posed by these wdls. This
risk assessment can determine whether the potentid risk to public safety changes over the 95 percent
confidence interva surrounding the estimated totals. To the extent the risk assessment changes
dramaticaly over the 95 percent confidence intervals predicted by the models, further research on the
number of wellsin the nation may be warranted.

The modds provide ingght in addition to the esimate of the number of wellsin the naion. The
modd s indicate that the assumptions made when gratifying the digible tracts are unsupported by the
data While there is some evidence that the amount of sand and gravel soil may affect the number of
gorm drainage wells, the evidence isweak. The existence of susceptible bedrock within five feet of the
surface was not related to the number of ether type of wel; tracts with very high percentages of mobile
homes, part-time residences, and structures with five or more housing units contained no more wells
than more typicd tracts when dl other variables are held congtant. Whether the householdsin atract
are largely on public sanitary sewers did affect the number of LCSSs; more generdly, the number of
households on public sanitary sewers was positively related to the number of LCSSs. The impact of
the number of households on sewer systems on the number of sorm water drainage wells was
daidicdly inggnificant. Other characterigtics do affect the number of both type of wells, including soil
drainage, precipitation, and housing dengity. While geologic characterigtics like the prevaence of
susceptible bedrock or sand and gravel soil may affect the feasibility of these wells, these other
characteristics proved to be far more important. Other characteristics of tracts that are difficult to
measure, including historicd, culturd, and political factors, dso areimportant. Their importance is
reflected in the differences observed across regions of the country which remain after taking other
characteridics into account, and in the amount of the variance in the number of wells that remains
unexplained by the models.

One of our mgor concerns about the modd’ s estimates is the extent to which it undercounted
the number of wellsin the censustractsit visited to develop the sample. As stated, USEPA took
severa gepsto mitigate the effects of this measurement error. To consider how significant an impact
the measurement error has on USEPA’s estimates, USEPA compared the storm water drainage well
modd’ s results to the number of documented wellsin ten states. USEPA compared the estimates for
storm water drainage wells because it believes the potentia undercount is larger for these wells than
LCSSs, which were easier to identify. Arizona, Hawali, Idaho, Indiana, Maryland, Michigan,
Minnesota, Oregon, Utah, and Washington each provided data on the number and location of
documented storm water drainage wellsin their Sates.

One note of caution about this comparison. The storm water drainage well modd is desgned

to estimate the number of wdlsin non-urbanized areasin the nation asawhole. These 10 sates are
not necessarily representative of the country as awhole, because they were not sdlected randomly.
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They are rdatively diverse geographicaly, geologicdly, and demographicdly, so the comparison is
warranted.

The modd estimates that gpproximately 21,000 wells are located in non-urbanized areasin
these ten states. The states documented approximately 51,000 wellsin both urban and non-urban
aress, gpproximately 24,000 of these wells are in non-urban areas. Thisindicates that the modd’s
estimate of the number of wellsis reasonably accurate.

While the generd data collection effort and the Site vidts provided us with unprecedented
amounts of information about both storm water drainage wells and L CSSs, much remains unknown.
Many of the assumptions made in the development of the sample were unsupported by the data, which
reflects the generd lack of understanding about the decisions regarding the use of the wdlls. The Sates
ability to track the use of these wdlsisinconastent and often limited. The uncertainty surrounding the
use of storm drainage wells and LCSSsiis reflected in both the large range in the estimates provided by
the states, and the large standard error of the models estimates. Additiona research can improve the
precison of the estimates by developing additiona data and by using the lessons learned in this sudy
about the factors that affect the use of wellsto guide the andyss.

4.  Agricultural Drainage Wells

State inventories of ADWSs are generdly incomplete and underestimate the number of wells that
may exist. Traditiondly, states have been unable to keep accurate records of these wells because many
of them exist on private property.

Initidly, we consdered using the site visit methodology described in this document as abad's
for amodd to estimate the number of ADWs. Site vidits to locate ADWs would require a substantia
time commitment and present potentid difficulties because of the need to access private property.

Instead, we proposed to target geographica areas for review based on an andyss of existing
information (e.g., from literature reviews, work group input, expert consultants). USEPA contacted
date and locd officias by telephone to describe the study, learn about current and historical agricultura
practicesin the area, determine the types of ADWs used in the area (e.g., flood irrigation return flow or
wetlands drainage), learn how these practices are regulated, and identify the number and location of
exising ADWs.

Through the genera data collection effort, some location data was provided by states and
incorporated into the state summaries of Class V wells. For example, lowa provided detailed
documentation of the wells including studies and inventories. However, many other Sates had very little
data on thiswell type, dthough most suspect that the wells exist in the state. Other states were
reluctant to report the locations of known ADWSs due to concerns that USEPA would target them for
enforcement action.
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States that identified Sgnificant numbers of these ADWSs in the generd data collection effort
included New Y ork, Illinois, Minnesota, Ohio, Texas, lowa, California, and Idaho. States that
reported fewer than a hundred documented ADWs included Delaware, Indiana, Michigan, Wisconsin,
Oklahoma, Oregon, Washington, and USEPA Region 10 Tribes. These states usudly could not give
an accurate estimate of thiswell type and predicted that more wells may exist in some aress. For
example, Puerto Rico, Pennsylvania, Florida, and Kentucky could not provide any information on
ADWs, but the states believe they exist. The data collection efforts on ADWs were congtrained by the
limited data available from gates. We aso made numerous phone cals to county and local officidsto
collect additiond data, but found the same difficulties. Most ADWSs are located on private property,
making it extremdy difficult for sates and counties to locate them. Additiond information on ADWs
can be found in the corresponding volume of this ClassV Study.
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ATTACHMENT A
LARGE-CAPACITY SEPTIC SYSTEMSAND STORM WATER DRAINAGE WELLS
INVENTORY MODELS

Section 3 of this Appendix presents the inventory models of LCSSs and storm water drainage
wells. This attachment provides atechnica explanation of how we developed each modd. In doing
90, it describes some of the assumptions behind each model, and explores the implications of relaxing
those assumptions. It begins with a discusson of the LCSS model, and then turns to sorm water
drainage wells.

A.1l Large-Capacity Septic Systems

The average number of LCSSsin tractsin our sampleis 18. Eleven tracts contain no LCSSs,
and one tract has 119 systems. Figure 5 shows the probability distribution of LCSSsin the sample.

Figure5. Distribution of LCSSsin Sample of 99 Non-Urbanized Census Tracts
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We egtimate amode in which the number of LCSSsin agiven censustract isalinear function
of the demographic and geologic characterigtics of that tract. The number of LCSSsisadiscrete
digtribution — the number can only be an integer; therefore, we modeed the relationship between the
number of welsin atract and the tracts characterigtics with a Poisson regression (McCullagh and
Nelder, 1989). The Poisson model assumes the errors are distributed Poisson. The Poisson
digtribution is a discrete digtribution, in which the mean is equa to the variance.

A second characterigtic of the Poisson mode made it a good candidate for the LCSSs
inventory modd. The Poisson model predicts the occurrence of an event asarate; it estimates the
number of events per an exposure. The datain the sample indicate that a strong relationship exists
between the number of households on septic systems and the number of LCSSsin atract. For each
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household on a septic system in atract (the exposure), there will be a certain number of LCSSs (the
event). Theintuition behind this approach is. (1) some of the households on septic systemswill be on
LCSSs, and (2) the more households there are in atract on septic systems, the more likdly it is that
other buildings — schools, community buildings, religious establishments —will be on septic sysems as
well. Because these buildings are public buildings, they are likely to require LCSSs. Figure 6 plotsthe
log of the number of LCSSs againg the log of the number of households on septic systems. The
number of LCSSs increases as the number of households on septic systemsincreases, as expected.

Figure 6. Count of LCSSs and Households on Septic Systemsin Sample of 99 Census Tracts
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The Poisson model estimates the number of LCSSs per household on septic systems (the rate)
as afunction of the characterigtics of the tract. Poisson regressions often congtrain the coefficient on the
exposure variable to be equd to 1. Rather than impose this congtraint, the moddl estimates the
coefficient. Thisisaccomplished by entering the naturd logarithm of the number of households into the
regresson. The generd form of the Poisson mode is given by equation 6:

. Q k
ot by In( Septig )+ a j:2bj Xij

® E[Lcs|=e
Wheree  E[LCS] = the expectation of the number of LCSSsintract i.
Septic; = the number of households on septic systemsintract i. Thisisthe exposure, or

the number by which the incidence rate will be multiplied to get the count for tract i.
The naturd logarithm of Septic is used by the modd.
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X; = characteristics of tract i. The exponentiation of the sum of the intercept $,,
andd _,b, X, equastheincidence retefor tract i.

$, through $, are parameters estimated by aregression.

The expectation of the number of LCSSsin tract i isequd to the exposure times therate. This can be
Seen by re-arranging eguation 6:
< B8 00

(6a) E[LCS]: (Septiqbl) ge :

Tractsin which 90 to 100 percent of the households are on public sanitary sewers, which are
marked with an “X” in Figure 6, tend to have fewer households on septic systems. The basic model
assumes the incidence rate is different for these tracts. Using the dummy variable “ Sewered” to identify
these tracts, the basic model is given by equation 7:

(7) E[ LCS] = ebo+b1|”(septici)+b28ewered

Theresults of this basic modd are shown in column 1 of Table 14. The coefficient on
In(Septics) is0.984, which is not gatisticaly different from 1.0; in other words, the number of large
scale septic systems is roughly proportiona to the number of households on septic systemsin this basic
model. The coefficient on the Sewered dummy variable is postive, which indicates the incidence rateis
higher for tracts in which 90 to 100 percent of the households are on public sanitary systems. The
dummy variableis satidicaly sgnificant a the one percent level. This somewhat counterintuitive result
is due to the smple nature of thismodd. Aswe will see, the number of LCSSsisin fact lower in tracts
inwhich 90 to 100 percent of the households are on public sanitary sawers.

An interaction term is introduced to dlow the coefficients on both the exposure variable
Ln(Septics) and the rate to be different for tractsin which 90 to 100 percent of the households are on
public sanitary sewers. The results are shown in column 2 of the Table 14. The dummy variable and
the interaction term are jointly significant a the one percent leve, indicating thet tractsin which
households are overwhelmingly on public sanitary sewers do behave differently in our sample from
other tracts. While the positive sign on the sewer dummy variable implies tracts in which 90 to 100
percent of the households are on public sanitary sewers contain more LCSSs per household than other
tracts, dl ese remaining equd, this generdly is not the case. The negative Sgn on the interaction term
means the exposureissmdler for tractsin which 90 to 100 percent of the households are on public
sawersthan it isfor tracts with fewer households on public sewers. Also, most tractsin which 90 to
100 percent of the households are on public sanitary sewers have relatively few households on septic
systems. The net result is that the predicted number of LCSSsin tracts in which 90 to 100 percent of
the households are on public sanitary sewers tends to be lower than in tracts in which less than 90
percent of the households are on public sanitary sewers. Aswe will see, other factors tend to reduce
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the number of LCSSs per household on septic systems for tracts in which 90 to 100 percent of the
households are on public sanitary sewers.

Table14. LCSSInventory Models

€] (2 ©)] 4 @) (6
Ln(Septics) 0.984 0.991 0.991 0.980 0.980 0.849
(0.041)** (0.042)** (0.043)** (0.042)** (0.043)** (0.044)**
90-100% Sewered 0.969 2.093 2312 2.045 2.261 1.320
(0.192)** (1.027)* 1 (1.010)* 1 (1.036)* 1 (1.019)* (113Dt
Sewered* Ln(Septic) -0.236 -0.252 -0.229 -0.242 -0.112
(0.213)t (0.208)T (0.215)t (0.210)1 (0.236) T
Total Housing Units/Sq. -0.001 -0.001 -0.001
Mile (0.000)* (0.000)* (0.000)**
% Area Poorly Drained -0.003 -0.003 -0.010
(0.002)* (0.002)* (0.002)**
USEPA Region 2 1.018
(0.125)** ¢
USEPA Region 3 -0.007
(0.114)%
USEPA Region 4 0.546
(0.103)**
USEPA Region 5 -0.424
(0.127)** &
USEPA Region 6 0.519
(0.136)**
USEPA Region 7 -0.413
(0.197)*
USEPA Region 8 0.960
(0.112)** ¢
USEPA Region 9 0.417
(0.125)** ¢
USEPA Region 10 -0.171
(0.164)
Constant -3.992 -4.044 -4.011 -3.926 -3.889 -3.143
(0.303)** (0.307)** (0.313)** (0.312)** (0.318)** (0.337)**
Observations 99 99 99 99 99 99

Standard errors are in parentheses.
* dgnificant at 5% level; ** significant at 1% level; T these variables are jointly significant at 1% level; F these
variables are jointly significant at 1% level.

We next consider the impact of housing density and soil drainage on the moddl. We add the
tota housing density — the number of housing units per square mile—to the modd. We expect the
number of LCSSs per household to decline with housing density, as we believe more densely housed
aress are more likely to be on public sanitary sewers.  The probability distribution of housing density is
shown in Figure 7. The digtribution is Skewed to the right, with two tracts containing over 600 housing
units per square mile. The mgority of tracts have fewer than 100 households per square mile. We dso
expect the number of LCSSs per household to decline as the percentage of the tract with poorly
drained soil increases as the efficacy of the septic system declines with poor soil drainage. The
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distribution of the percentage of areawith poorly drained soilsis shownin Figure 8. It dso is skewed
to the right, as the percentage of the areawith poorly drained soilsis less than 20 percent in most tracts.

Figure 7. Distribution of Housing Density in Sample Figure 8. Distribution of Percentage of Areawith
of 99 Census Tracts Poorly Drained Soil in Sample of 99 Census Tracts
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The results of the addition of housing dengity to the modd arein column 3 of Table 14. The
parameter’ s coefficient is negative and atisticaly sgnificant. It implies that the number of LCSSs per
household declines as housing density increases, as expected. In column 4 we add the impact of ol
drainage on the use of LCSSs, ignoring the impact of housing density. Asthe percentage of the area
with poorly drained soil increases, the number of LCSSs per household declines, as expected. Column
5 shows the mode with both the housing density and soil drainage characteristics.

Finaly, we tes to see if the relationship between the number of LCSSs per household isthe
same across each of the ten USEPA Regions. The impact may vary due to regiond differences, aswell
as other characteristics we cannot measure. Nine dummy varigbles are entered, for USEPA Region 2
through Region 10; USEPA Region 1 isthe reference group. The coefficient on each dummy shows
the difference between that USEPA Region and USEPA Region 1, holding dl other variables congtant.
Using an F test of whether the Regiona dummy varigbles arejointly equa to 0, we rgect the hypothesis
that they are equal to zero. Thisindicates the average number of LCSSs per household in each
USEPA Region is different, holding al other characteristics congtant. This version of the modd is
shown in the last column of Table 14; we will refer to it asthe full modd. (The Regiond dummy
variables dlow usto incorporate the effect of regiond differencesin our modd. It should be noted that
this specification of the model does not necessarily alow usto predict the number of wellsin each
USEPA Region. Representative samples were not drawn from each USEPA Region —the sampleis
representative of the nation as awhole — and potentidly important regiona factors may be excluded
from the modd. While these factors may average out in the nationd sample, they could yield biased
estimates for any single region.)

We aso considered other explanatory variables. These included the percentage of the area

with susceptible bedrock, the percentage of the area with sand or gravel soil, the percentage of the
housing units that are mobile homes; the percentage of structures that contain five or more housing units,
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and the percentage of housing units that are part-time resdences. None of these variables were either
individudly or jointly significant. In fact, of the variables used to gratify the digible tracts in the country,
the only one that resultsin a gatisticaly significant effect is the sewered variable, which ditinguishes
tractsin which 90 to 100 percent of the households are on public sanitary sewers from those in which
less than 90 percent of the households are on public sanitary sewers. Because the distributions of the
housing density and soil drainage variables are skewed, we aso considered transforming these
vaiables. Thetrandformations had little impact on the modd.

In the full modd, the coefficient on the exposure variable Ln(Septic) dropsto 0.85, which is
datidticaly different from 1.0 a the 1 percent level. Thus, theimpact of the number of householdsis
less than proportiond for tractsin which less than 90 percent of the households are on public sanitary
sewers. For tractsin which 90 to 100 percent of the households are on public sanitary sewers, the
parameter for Ln(Septics) is even lower, dthough the difference is not gatigticdly sgnificant.

We use the full modd to predict the number of LCSSsin each tract. The estimated number of
LCSSsis given by equation 8:

by +b, In(Septic) +b,Sewered +b;Sewered *In( Septic)
+ b, Density +bs Drai nage+a°1 1(12 b3, EPA,;
e =

8
o E[LCY =

A.1.1 Exploring the Implications of the Modd’s Assumptions

An assumption underlying this modd is that the deta are distributed Poisson. This assumption
can be formally tested. The test Satistic is aP? with 84 degrees of freedom. The P? is 450; with a
critical value of 108, we rgect the hypothesis that the data are distributed Poisson. While the meanis
equa to the variance in the Poisson digtribution, the variance exceeds the mean in our data.

The full modd was based on the assumption that the number of LCSSsin the population asa
whole was generated by a Poisson model. Rejection of the hypothesis that the underlying data are
distributed Poisson is an indication that a pure model-based approach is ingppropriate, and that we
must relax our assumptions regarding the underlying distribution of the data. Unfortunately, the test
does not tel us what isthe true distribution of the data in the population asawhole. We may consider
arange of optionsto ded with this uncertainty regarding the underlying distribution of the data.

One gpproach isto fit amode using an over-dispersed Poisson regression. Thisremainsa
model-based approach, and continues to assume that the Poisson mode is correct, but accounts for the
over-digoerson. The modd includes amultiplier to the Poisson variance function, which is assumed to
be congtant for dl data. The multiplier is estimated using a quasi-likelihood, where the Poisson modd is
fit and the congtant is estimated post hoc and used to inflate the standard error estimates.  The results
of the over-dispersed Poisson are shown in column 2 of Table 15. (Column repests the full model from
Table 14 for comparison.) The parameter estimates do not change, but the standard errors are larger,
as the modd must account for the dispersion factor inits estimate. The coefficient on Ln(Septics)
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remains satisticaly sgnificant at the 1 percent level, and the coefficient on the soil drainage parameter is
sgnificant a the 5 percent leved. The housing dengity parameter is no longer satiticaly different from
zero, and the Sewered dummy and Sewered-Ln(Septic) interaction term are not jointly sgnificant. The
USEPA Regiond dummies remain jointly sgnificant.

Another approach is to relax the assumption that the Poisson mode is correct; we continue to
esimate the model using a Poisson modd, but make no assumption regarding the underlying data. This
increases the standard errors of the estimate because we introduce an additiona source of uncertainty
into the model — the uncertainty about the form of the modd.  The coefficients are estimated assuming
the Poisson mode holds for both the mean and the variance, and the standard errors are adjusted to
dlow for possible violations of the variance assumption. In other words, the estimates do not rely on a
gpecific functional form for the variance of LCSSs. The standard errors are robust because they are
consstent even if the data violate the assumptions used to produce estimates of the regresson
coefficients. We consider thisamodel assisted approach, and its results are shown in column 3 of
Table 15.

These gpproaches ignore the sampling design. The next two approaches incorporate
information about the sampling design by weighting the data by the inverse of the selection probabilities.
The fourth gpproach, shown in column 4, fits an over-dispersed Poisson, weighted by the selection
probabilities. Thefifth gpoproach estimates aweighted model with robust sandard errors. The
weighting scheme changes the parameter estimates, and increases the andard errors. The Ln(Septic)
coefficient remains sgnificant in the over-dispersed modd, as do the housing density and soil drainage
parameters. Only the Ln(Septic) parameter remains sgnificant in the model with robust sandard
errors. The USEPA Regiond dummy variables arejointly significant in both weighted modds.

Aswe will seein the discusson of the estimates of the totdl, the changesin the parameter

esimates do not dramaticaly affect the estimate of the tota number of wells. The weighted modd’s
changesin the robust standard errors greetly increase the mean square error of the estimated totd.
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Table 15. Comparison of Standard Poisson,

Over-Disper sed Poisson, and Robust Standard Error Models

@) (2 (3 (4) (5
Ln(Septics) 0.849 0.849 0.849 0.719 0.719
(0.044)** (0.100)** (0.106)** (0.089)** (0.253)**
90-100% Sewered 1.320 1.320 1.320 0.621 0.621
(1.131) (2.549) (1.537) (2.858) (2.711)
Sewered* Ln(Septic) -0.112 -0.112 -0.112 -0.098 -0.098
(0.236) (0.532) (0.327) (0.591) (0.579)
Total Housing Units/Sq. Mile -0.001 -0.001 -0.001 -0.002 -0.002
(0.000)** (0.001) (0.001) (0.001)* (0.004)
% Area Poorly Drained -0.010 -0.010 -0.010 -0.011 -0.011
(0.002)** (0.004)* (0.005)* (0.004)** (0.009)
USEPA Region 2 1.018 1.018 1.018 1.273 1.273
(0.125)** (0.282)** (0.354)** (0.327)** 0.697)*
USEPA Region 3 -0.007 -0.007 -0.007 0.207 0.207
(0.114) (0.257) (0.189) (0.293) (0.381)
USEPA Region 4 0.546 0.546 0.546 0.653 0.653
(0.103)** (0.232)** (0.185)** (0.270)** (0.343)*
USEPA Region 5 -0.424 -0.424 -0.424 -0.410 -0.410
(0.127)** (0.286) (0.206)* (0.291) (0.347)
USEPA Region 6 0.519 0.519 0.519 0.999 0.999
(0.136)** (0.307)* (0.339) (0.332)** (0.711)
USEPA Region 7 -0.413 -0.413 -0.413 -0.589 0.589
(0.197)* (0.445) (0.303) (0.446) (0.508)
USEPA Region 8 0.960 0.960 0.960 0.919 0.919
(0.112)** (0.252)** (0.257)** (0.331)** (0.766)
USEPA Region 9 0.417 0.417 0.417 0.188 0.188
(0.125)** (0.281) (0.202)* (0.393) (1.275)
USEPA Region 10 -0.171 -0.171 -0.171 0.020 0.020
(0.164) (0.370) (0.315) (0.749) (2.168)
Constant -3.143 -3.143 -3.143 -2.235 -2.235
(0.337)** (0.760)** (0.811)** (0.687)** (1.851)
Observations 99 99 99 99 99

Standard errors are in parentheses.

* gsignificant at 5% level; ** significant at 1% level.

In addition to the sampling weights, the mode could incorporate information about the
clustering in the sample. We do not believe the data support the use of thisinformation. The Stratado

not appear to be explain much of the variation in the data, so any adjustment would be small.

Furthermore, the method used to estimate the standard errors that incorporate the information about the
clustering can be highly variable when the number of clusters drawn from each stratais smdl (Kott,

1994).

To assess the potentia impact of the clustering of the data on the estimated standard errors, we
estimated the intra-class correlation, which measures the smilarity of datafrom tracts within a cluster
relative to the variability of the data across dl clusters (Snedecor and Cochran, 1980). To control for
the characteristics of the tract that are associated with the number of LCSSs, we conducted a one-way
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andysis of variance of the resduas from the Poisson modd. While this linear gpproximation of the
intra-class corrdation is biased, it gives an indication of the effect of the clusters on the estimated
gtandard error. This measure of the intra-class correlation is approximately 1 percent; therefore, we
concluded that the potentid impact of the correlation among tracts within clusters on the estimated
dandard errorsis smdl.

A.1.2 Edimating the Tota Number of L CSSs and Caculating the Standard Error of the
Edimated Totd

To get the total number of LCSSs in the nation, we sum the estimates across each census tract.
The three models that are not weighted by the inverse of the selection probabilities produce the same
estimated totd, but their sandard errors differ. The two weighted models each estimate the same,
dightly higher totd, again with different gandard errors. Assume'Y; isthe number of LCSSsintract i,
which has an over-dispersed Poisson distribution with mean Z;, vananceV( )xN=N :;,,andaso
that -; = exp (x,"$). N isadisperson factor. Therow vector x;T isthe set of explanatory variables
for tract i, that may or may not be in the sample, and $ is the column vector of regression parameters.
The estimated tota for the entire country is.

s N R
©® T=3Y+aepx )

i=1 i=stl

assuming that the tracts are numbered o that tracts 1 to s are the sampled tracts and tracts s+1 to N
are the non-sampled tracts. In this model-based approach we are assuming that the LCS vauesfor the
N tracts are independent.

Since we are predicting the random tota for the entire country, we need the prediction error
vaiance
3 2.
e o 9 \

"2...
0  vn-elfr- A2 h-el] & (v ewtx )] |
i -1 O E f1i=sr1 % z

@

where V(T) isthe variance of the estimated total T. Expand the expression insde the parentheses as a
Taylor series about the true regression parameter vector $.

N N
a {Yi - eXp(Xin)} » a Y- exp(x;'b)}- eXp(Xin)a X (by - by)
=s J

+1 i=s+1

1

Qo
<
i

(11) - & & mx(b; - by)
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I
»
hl

1
QD
=
S
>
I
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where x; isthe " explanatory varigble for the " tract.
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The mean of the last expression (B) is zero. Therefore the expected vaue of B squared equals
the variance of B. But B isthe sum of N-sindependent random variablesY; ! -, minus A (the double
sum). Since A isafunction of thefirat s vaues (the sampled tracts), this double sum is independent of
the other N-sterms. Therefore:

V(T) =Var(B) = gV(Yi) tV(A)

i=stl

(12 =3 fm+V(@@ Kpb))

i=st1 j

N
afm+a KA(b)+23 KKCov(b;,b,)

i=st1 j j<k

where:
N

(13) K. = é. rTilXij

o
i=s+1

Thus to estimate the mean square error of prediction, substitute estimates for the disperson
parameter, the mean values for the non-sampled tracts, and the variances and covariances of the
regression parameters.

Estimated V(T) =
(14) ON AN o] A A 0 A A A ~
afm+a KA(,)+2a K,KCov(b,,by)
i=s+1 i j<k
where:
n I\

i=s+1

An approximate 95 percent prediction interva for the country total is the estimated tota plus or
minus 1.96 times the square root of the estimated V(T).

Table 16 shows each model’ s estimated total, standard error, and 95 percent prediction
interval.

A.2 Storm Water Drainage Wells

The occurrence of storm water drainage wellsin the sample was arelatively rare event: 22 of
the 99 tracts contained storm water drainage wells. Among the tracts in the sample that contained
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wells, the average number of wellsis 19. The median number of wellsis 2, and most tracts contain
fewer than 6 wdls. The high average is due two outliers. one tract that contains 81 wells and a second
that contains 210. If these two tracts are excluded, the average number dropsto 6.

Table 16. Models' Estimates of the Number of
LCSSsin theEligible Tractsin the United States

95% Confidence Interval
Estimated
Number of Standard L ower Upper
L CSSs Error Boundary Boundary

Poisson Model 289,385 8,411 272,899 305,871
Over-Dispersed Poisson Model 289,385 18,806 252,526 306,244
Poisson Modef with Robust Standard 289,385 21,165 247,902 330,868
Errors
Weighted Over-Dispersed Poisson 303,169 18,905 266,114 340,224
Model
Weighted Poisson Mode! with Robust 303,169 46,973 211,101 395,237
Standard Errors

To account for the large number of tracts that do not contain storm weter drainage wells, we
used atwo-part modd (Duan et d., 1983). Formadly, the expectation of the number of wellsin agiven
tract i isexpressed by:

(16)  E[SDW;] = P(SDW;>0) * E[SDW]|spwso
Wheree  E[SDW;] = The expectation of the number of ssorm water drainage wellsin tract i.
P(SDW;>0) = The probability that tract i contains storm water drainage wells.

E[SDW]|spwso = is the expectation of the number of the number of storm water
drainage wdlsin tracts that contain wells.

The likelihood function of the two-part model can be separated into two components. The firgt
part, which provides an estimate of the probability that atract contains sorm water drainage wells, is
estimated using a probit model. The second part, which provides an estimate of the number of wellsin
tracts that contain wdlls, is aweighted average of the number of welsin tractsin the sample that contain
wells

Probit Model of Probability that a Tract Contains Storm Water Drainage Wells
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The probability that atract contains awell is estimated using a probit regression (Aldrich and
Nelson, 1984). We estimate the probability as afunction of the densty of housing built in the tract
before 1970, the percentage of the areawith poorly drained soils, and mean annua precipitation. The
edimated probability is given by:

(17  P(SDW > 0)=F (b, + b,Density,, + b,Drainage+ b;MAP)

Where M =the standard norma cumulative distribution function;
Density,, is the number of housing units built before 1970, per square mile;

Drainage is the percentage of the tract with poor soil drainage; and
MAP is the mean annud precipitation in the tract, measured in inches.
The didributions of the density of housing built before 1970 and mean annud precipitation are

shown in Figures 9 and 10, respectively. (The distribution of the percentage of area with poorly
drained soil is shown in Figure 1.4 above))

Figure9. Distribution of Density of Housing Built Figure 10. Distribution of Mean Annual
Prior t0 1970 in Sample of 99 Census Tracts Precipitation in Sample of 99 Census Tracts

Fraction
Fraction

The results of thismodd are shown in the first column of Table 17. Rather than show the
parameters, the table shows the change in the probability for a change in each explanatory variable,
evaluated at the mean of the data (dF/dX). Standard errors are shown in parentheses.

We assumed that tracts with greater dendities of older housing are more likely to contain storm
drainage wells. Thisisbased on the assumption that development that occurred 20 to 30 years or
longer ago was more likely to use these wells than more recent development, and that the number of
wellswill increase as housing density increases. (The year 1970 was used because the 1990 Census
identifies houses built before and after thet year.) The coefficient on this densty parameter is
daidicdly sgnificant a the 5 percent leved. An dternative specification used total housing density,
which was not gatigicadly sgnificant.
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Table 17. Probit Models of the Occurrence of Storm Water Drainage Wells

()] (2
Density,,: Pre-1970 housing density 0.001 0.001
(0.001)* (0.000)**
Drainage: % Area Poorly Drained -0.008 -0.010
(0.003)* (0.003)**
MAP: Mean Annual Precipitation -0.007 0.005
(0.003)* (0.006)
South # -0.173
(0.065)* t
Mid-West 2 -0.121
(0.08nt
West @ 0.400
(0.284) 1
Observed probability 0.222 0.222
Predicted probability 0.181 0.142
Observations 99 99

Standard errorsin parentheses. Reference region is the Northeast.

& dF/dx isfor a discrete change of dummy variable from O to 1.

® At mean of the independent variables.

* Significant at 5% level; ** significant at 1% level; T jointly significant at 5% level.

Soil drainage isinversaly related to the probability of the occurrence of storm water drainage
wells. Thisiscongstent with the assumption that storm water drainage wells are not adeguate sources
of drainage in areas with poor soil drainage. Mean annud precipitation aso isinversdy related, which
implies that areas with large amounts of rain or snow fal must rely on other sources of drainage. This
conclusion is supported by some of the more qudlitative data collected during the Ste vists. Both the
s0il drainage and mean annua precipitation coefficients are satisticaly sgnificant.

To account for possible differences by region, we consdered a mode that includes three
dummy variables that indicate tracts in the South, Mid-West, and West. The reference group isthe
Northeast. (We used these larger regiona categories rather than the USEPA Regions because so few
tracts contain wells) Thismodd isshown in column 2 of Table 17. The dummy variables are jointly
ggnificant a the 5 percent leve, indicating that the probability of the occurrence of storm weter
drainage wells does vary across region. The probability is higher in the West than the rest of the
country, and the lowest in the South. The regiond dummy variables are corrdated with the mean
annud precipitation variable, which becomes atidticdly inggnificant when we introduce the regiond
dummy varigbles. In fact, the differencesin precipitation may explain much of the observed regiond
differences, so we will use the modd in column 1.

We dso consdered other explanatory variables, which did not prove to be significant. These
included the percentage of the area with susceptible bedrock, the percentage of the areawith sand or
gravel soil, the percentage of the housing units that are mobile homes, the percentage of structures that
contain five or more housing units, and the percentage of housing units that are part-time residences.
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We aso congdered transforming the poorly drained soil and housing dendity variables. The mode with
these transformed variables did not perform aswell as the model with the untransformed variables.

This specification of the modd does not incorporate information about the sampling design.
Table 18 compares this modd to one that weights the data by the inverse of the selection probabilities.
The unweighted mode is shown in column 1, and the weighted mode! isin column 2.

Table 18. Comparison of Weighted and Unweighted
Probit M odels of the Occurrence of Storm Water Drainage Wells

) @
Unweighted Probit Weighted Probit®

Density,,: Pre-1970 housing density 0.001 0.001

(0.001)* (0.001)*
Drainage: % Area Poorly Drained -0.008 -0.007

(0.003)* (0.003)**
MAP: Mean Annual Precipitation -0.007 -0.006

(0.003)* (0.004)
Observed probability 0.222 0.196
Predicted probability ° 0.181 0.152
Observations 99 99

Standard errors are in parentheses.

&Weighted by inverse of selection probability.

® At mean of the independent variables.

* significant at 5% level; ** significant at 1% level

The weights result in modest changes to the parameters. Because the coefficient on mean
annua precipitation declines dightly and the standard error increases, it is not sgnificant in the weighted
modd.

While each of the parametersis satidticaly sgnificant in the unweighted modd, the probit
mode explains rdaively little of the variation in the probability that atract will contain sorm water
drainage wells. The pseudo R2 for the modd isjust over 12 percent, which implies that the model
explansjus lessthan C of thetotd variation. Thisisdue, in pat, to the rdatively smdl size of our
sample. Aswe will seg, this contributes to ardatively large variance in the estimate of the total number
of wells

Estimating the Average Number of Storm Water Drainage Wellsin Tracts with Wells

The probit model provides an estimate of the probability that ssorm water wells are used in a
given tract; the expectation of the number of wellsis then equa to tha probability multiplied by the
average number of storm water drainage wells in tracts containing wells. We compute the average
number wellsin tracts with wells, weighted by the inverse of the selection probahilities to account for
the sratification of our sample. (Weights are used because the smple mean does not include
meaningful predictors, unlike the probit modd discussed above) We dso digtinguish tractsin which
more than 10 percent of the soil is sand and gravel from other tracts. The Ste vigtsindicated that the
occurrence of sand and grave soil is conducive to the use of sorm water drainage wdls. The average
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number of wellsin tracts in which more than 10 percent of the soil is sand or gravel is 18.2; the average
for the rest of the tractsin the sampleis 6.9. Thereis considerable noise around the estimated means,
and the difference is not Satistically sgnificant.

A.2.1 Edimating the Totad Number of Storm Water Drainage Systems and Cdculaing the
Standard Error of the Estimated Tota

The mode’ s prediction of the expectation of the number of welsintract i, given thetract’'s
characteridtics, is given by equation 18:

H3DW =
F (bo+ b, Density,, + b,Drainage+ QMAP)* DOWspw 50 and pses10 3 If PSG>10%

(18) —
F (b0+ b,Densty,, + b, Drainage+ QMAP)* DWW, w50 and psceio » 1T PSOE 10%

Where M isthe standard norma cumulative distribution function;
Dengty, isthe number of housing units built before 1970, per square mile;
Drainageis the percentage of the tract with poor soil drainage;
MAP is the mean annud precipitation in the tract, measured in inches;

PSG is the percentage of areawith sand or gravel soil;

SDW|spw >0 and pses10 IS the average number of storm water drainage wellsin tracts
with wells and in which greater than 10 percent of the soil issand or gravel; and

SDW)|<pw 0 and psce1o 1S the average number of storm water drainage wellsin tracts
with wells and in which less than 10 percent of the soil is sand or gravdl.

The total number of wellsin non-urbanized areas is equa to the sum across each digible tract in
the nation of the estimated number of wells. The error structure of this two-part mode is complex, and
isdifficult to derive andyticaly. Therefore, we use a bootstrap to estimate the mean square error of the
estimated total (Effron and Tibshirani, 1993). The bootstrap draws 1,000 samples of 99 tracts with
replacement from our sample, and estimates the parameters of the two-part models specified in Table
18 for each sample. Using these parameters, it then predicts the total number of wellsin the non-
urbanized aress of the country, creating 1,000 estimated totals. The standard error of the total is equal
to the standard error of this bootstrap sample. The 95 percent prediction interva is equal to the 2.5
and 97.5" percentiles. Table 19 shows the estimated total, standard error, and 95 percent prediction
interva for the weighted and unweighted modds.
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Aswith the LCSS mode, we chose not to incorporate information about the clustering of the
sample. Using an gpproach smilar to the one for LCSSs, we estimated the intra-class correlation,
which was less than 1 percent. Therefore, we assumes the potential impact on the estimated standard

arrors of the modd isamadll.

Table 19. Unweighted and Weighted Two-Part Model Estimate of the
Number of Storm Water Drainage Wellsin Non-Urban Areasin the United States?®

95% Confidence Interval

Estimated
Number of Standard L ower Upper
LCSSs Error Boundary Boundary
Unweighted model 63,998 35,278 13,409 145,174
Weighted model 59,105 34,107 11,345 131,600
& Includes eligible tracts, plustracts in densely populated areas surrounding urban areas.
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ATTACHMENT B
PROBABILITY OF SELECTION INTO THE SAMPLE

Section 2 of this Appendix describes in detail how the sample of census tracts was devel oped.
The probability of atract being sdlected for the sample depends on the state the tract isin, the sratait
is assigned to given its characteridics, and the geographic clugter it isassgned to. This attachment
describes how we estimate these selection probabilities.

Each target has two opportunities to be included in the sample: atract can be sdected in the
fird stage as atarget tract, or it can be sdected from among the tracts surrounding these targetsin the
second stage. Formdlly, if we call the probability of selection in stage 1 P(A) and the probability of
sdection in stage 2 P(B), the probability of sdection is given by:

(19) P(S) = P(A or B) = P(A) + P(B) — P(A and B)

Because A and B are mutudly exclusive events (atract can be selected in stage 1 or stage 2,
but not both), P(A and B) isequd to zero. Therefore, the selection probability is.

(20) P(A or B) =P(A) + P(B)

P(B), or the probahility that atract is selected in the second stage, is itsdf the joint probability
of two events. the probability of atract being within 100 miles of atarget tract and the probability that
the tract is sdlected from among dl the tracts within 100 miles of atarget. If we cdl the former P(C)
and the latter P(D), we get:

(21) P(B)=P(CandD)

(22)  P(B)=P(C)*P(DIC)

Subtituting back into (20), we get:

(23)  P(S) =P(A) + P(C)*P(DIC)

The remainder of the is document describes how each probability is calculated.

B.1 Calculate Stage 1 Probability [P(A)]

Fird, define sometarms:

Ng = Tota number of digibletractsin State S, for S=1 to 48 (Alaskaand
Hawaii are not included in the popul&tion).
Ng = Number of tractsin sratum R, for R=1 to 16.
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Tr

Number of targets drawn from stratum R, for R=1to 16.

The number of tracts varies greetly by state, o some states have amuch higher probability of
containing atract that isincluded in the sample than others. To include as many Sates as possible in the
sample, we weighted the data so each state has the same chance of being included in the sample. The
weight for each observation i in State S, which we cadl Wy;, isequd to:

S

e 0

(24) ¢ N -
W

a N+

8 s=1 Sﬂ

Using the addition rule with mutudly exclusive events, the sdlection probability in the first sage,
P(A), isgiven by:

8
o

(25) P(A) =T, * 6

DD O O O

NRr
o
a W
i=1

Q

Equation 25 is an gpproximation. Inasmall number of cases, two target tracts were very close
to each other. Becausetheligt of tracts surrounding the two potentia targets tracts were virtualy
identical in these cases, one of the two tracts was randomly dropped. In other cases, there was some
overlap in the areas covered by two targets. In these cases, the surrounding tracts were randomly
assigned to one target. It is believed that the effect of these adjusmentsis very smdl, and it is not
included in equation 25.

B.2 Calculate Conditional Probability of Selection in Stage 2 if within 100 Milesof a
Target Tract [P(D|C)]

Firs, some further notation:

Ur = Number of tractsin stratum R surrounding al the targets, for R=1to
16.

Sk = The number of tractsto draw from stratum R in the second stage, for
R=1to 16.

U, = The number of tracts surrounding target t.

Each tract isweighted to reflect the number of tracts we wish to draw from each stratum. The
weights are equd to:
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We sdlect two tracts from each cluster. Using the addition rule again, the probability that a
tract is slected from the among dl the tracts within 100 miles of agiven target is given by:

e 0
(27) P(D|C)=2+5 T2 %
Cg  \*
g (W)
=1 /]

Equation 27 is an approximation of the conditiona probability of selection in the second stage.
Each tract iswithin 100 miles of multiple potentia targets, so the probability of atract being selected in
this stage depends on which target is selected. Two factors can affect this probability: the number of
tracts surrounding each possible target, and the distribution of those tracts across the Sixteen strata.
Thereis consderable overlap among the potentid targets, because they dl are within 100 miles of the
tract in question. Therefore, we expect the variation in both the number of tracts surrounding each
target and the distribution across the strata to be relatively small, and we believe equation 27 isa
reasonable approximation of the conditiona probability of seection in the second stage.

B.3 Calculatethe Probability that Tract isNot a Target and iswithin 100 Miles of a
Target [P(C)]

For atract to be digible for sdlection in the second round, two things must occur. Fird, it must
not be sdected in the first round. Second, it must be within 100 miles of atarget tract that was selected
inthefirg round. The probability that atract isnot sdected in the first round is equa to 1-P(A). The
probability that atract iswithin 200 miles of atarget is the equivaent of the probability that atract
within 100 miles of agiven tract is selected asatarget. Some fina notation:

Gr = The number of tracts in sratum R surrounding a given tract, for R=1to
16.

The probakility of agiven tract being within 100 miles of a sdlected target is given by the
following joint probaility:
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This uses the law of total probability. For each stratum, we cdculate the joint probability that
each target sdlected is not from atract within 100 miles of agiven tract. Thisisequd to the product of
one of these other tracts being sdlected the first, multiplied by the probability that one is selected in the
second conditional on one being sdected in the firgt, round, and so on. We then multiply these
products across the sixteen stratum, which equals the probability that dl the targets are drawn from
tracts that are not within 100 miles of the given tract. The probability thet at least one target is drawn
from the tracts within 100 miles of agiven tract is equd to 1 minus this probability.

The probability that tract makes into the second round, P(C), is given by the product of the

probability it is not sdected in the first round, and the probakility that it iswithin 100 miles of atarget
tract:

29 P(C)
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ATTACHMENT C
CHARTSOF GEOLOGIC AND DEMOGRAPHIC
CHARACTERISTICSOF ELIGIBLE TRACTSAND TRACTSIN SAMPLE

The following charts show the distribution of severd of the geologic and demographic
characterigtics of the censustracts. Two graphs are shown in each figure. Thefirst showsthe
digribution of the characterigtic for the 18,578 digible tracts in the sample frame; the second shows the
digtribution for the 99 tracts in the sample.

The first set of figures show the distribution of the characteristics used to dratify the data.
Figure 11 shows the distribution of the percentage of area with susceptible bedrock for the 18,578
eligible tracts and the 99 tracts in the sample. Figure 12 shows the distribution of the percentage of
areawith sand or gravel soil. Figure 13 shows the distribution of the percentage of areaon public
sewers. Figures 14 through 16 show the didtribution of the percentage of structures containing five or
more housing units, the percentage of housing units that are mobile homes, and the percentage of
housing unitsthat are part-time residences. Figure 17 shows the digtribution of the percentage of the
areawith bedrock within five feet of the surface.

The remaining figures show the distribution of characteristics used in the inventory model as
explanatory variables. Figure 18 shows the distribution of the number of households per square mile,
and Figure 19 shows the distribution of the number of households built prior to 1970 per square mile.
Figure 20 shows the percentage of areawith poorly drained soils. Figure 21 shows mean annua
precipitation.
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Figure 11. Percentage of Area with Susceptible Bedrock
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Figure 12. Percentage of Areawith Sand and Gravel Soil
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Figure 13. Percentage of Households on Public Sewers
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Figure 14. Percentage of Structureswith 5or More Housing Units
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Figure 15. Percentage of Housing Unitsthat Are Mobile Homes
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Figure 16. Percentage of Housing Unitsthat Are Part-Time Residences
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Figure 17. Percentage of Areawith Bedrock within 5 Feet of Surface
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Probability

Probability

Figure 18. Total Housing Unitsper Square Mile
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Figure 19. Housing Units Built before 1970 per Square Mile
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Figure 20. Percentage of Area with Poorly Drained Soil
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Figure21. Mean Annual Precipitation
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